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I. SUMMARY 
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The t e s t i n g  of pure cu l tu re s  of a lgae  f o r  r a d i o l o g i c a l  d e t e c t i o n  

of photosynthe t ic  a c t i v i t y  w a s  continued, and labora tory  model photo- 

s y n t h e s i s  chambers were completed. The a lgae  t e s t e d  f o r  photosynthe t ic  

response were t h e  green a l g a  Scenedesmus quadricauda,  t h e  blue-green a l g a  

Nostoc commune, t h e  red a l g a  Porphyridium cruentum, and t h e  marine diatom 

Ni t z sch ia  c loster ium. For S. quadricauda, l igh t - induced  CI4O f i x a t i o n  

as w e l l  as dark  evolu t ion  of C 0 were i n d i c a t o r s  of photo t rophic  2 

a c t i v i t y .  In  t e s t i n g  N. commune, only n e t  CI4O f i x a t i o n  ind ica t ed  

photosynthe t ic  a c t i v i t y ;  C 0 evolu t ion ,  a l though cons iderably  g r e a t e r  

than  t h e  amount f i x e d ,  w a s  no t  markedly h igher  than  t h a t  of con t ro l s .  

2 - 
14 

2 - 
14 

2 

S t r i k i n g  photosynthe t ic  responses  were e l i c i t e d  from P. cruentum; both 

C 0 evo lu t ion  and C 0 f i x a t i o n  were much g r e a t e r  than  t h a t  of con t ro l s .  

I n  the  s tudy of t he  diatom N. c los te r ium,  re la t ive  n e t  C 0 f i x a t i o n  

a lone  ind ica t ed  phototrophic  a c t i v i t y ,  whereas the  amount of C 0 evo lu t ion  

w a s  no t  d i f f e r e n t  from t h a t  of cont ro ls .  

- 
14 14 

2 2 
14 

2 - 
14 

2 

Resul t s  of previous experiments conducted i n  t h i s  program 

have ind ica t ed  t h a t  pH of t h e  test medium a f f e c t e d  C 1 4 0  exchange. Two 
2 

a l g a e ,  Euglena g r a c i l i s  and Chlore l la  pyrenoidosa,  were t e s t e d  f o r  

photosynthe t ic  response i n  systems buf fered  a t  a c i d ,  n e u t r a l ,  and a l k a l i n e  

pH l e v e l s .  For both organisms, pH had no e f f e c t  on n e t  C 0 f i x a t i o n  

by l ive ce l l s .  In  t h e  case  of Ch lo re l l a ,  t he  prev ious ly  repor ted  r e t e n t i o n  

of C 0 by k i l l e d  c e l l s  i n  a c i d i f i e d  aqueous s o l u t i o n s  was confirmed, 

and t h i s  phenomenon has not  been explained.  There was no marked d i f f e r e n c e  

i n  C 1 4 0  evolved by the  

w a s  a s t r i k i n g l y  g r e a t e r  evolut ion of C140 

non-metabolic absorp t ion  of C I 4 O  during t h e  l i g h t  phase and i t s  subsequent 

14 
2 

14 
2 

organisms i n  ac id  o r  n e u t r a l  systems,  bu t  t he re  

The 
2 

i n  a l k a l i n e  condi t ions .  
2 

2 
4 ,  
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evo lu t ion  from con t ro l s  dur ing  darkness a t  a l k a l i n e  pH's was as h igh  

as metabol ic  exchange of C 

metabol ic  a c t i v i t y .  

amounting t o  a complete masking of 14 
O2 

Fie ld  and labora tory  experiments have provided va luab le  

information i n d i c a t i n g  t h e  f e a s i b i l i t y  f o r  t he  " in  s i t u "  G u l l i v e r ,  

Exce l l en t  p o s i t i v e  responses were obtained wi th in  one minute and f i v e  

minute  incuba t ion -co l l ec t ion  periods d i r e c t l y  from the  s o i l  s u r f a c e  wi th  

medium M9 conta in ing  (formate,  glucose,  lactate ,  glycine)-C . 14 

Ammonium n i t r a t e  has been s u b s t i t u t e d  f o r  KNO i n  M9, furn ish ing  3 

an  a d d i t i o n a l  n i t rogen  source as wel l  as an ammonium s a l t  t o  t h e  medium. 

Addit ion of 5% dimethyl su l fox ide  d id  not appear t o  enhance 

the  i n h i b i t o r y  e f f e c t  of Bard Parker on Saccharomyces c e r e v i s i a e .  

Seven new t e s t  s o i l s  and f i v e  s o i l  i s o l a t e s  produced p o s i t i v e  

14 responses  from b a s a l  C media. 

A 50% f i n a l  concent ra t ion  of unlabeled L-glucose i n  a labe led  

inorganic  s a l t  medium d id  not  i n h i b i t  t he  growth of Escher ich ia  c o l i .  

1-2 
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11. BIOLOGICAL INVESTIGATION 

A. INVESTIGATIONS OF PHOTOSYNTHETIC RESPONSE 

1. In t roduc t ion  

Inves t iga t ions  conducted during t h e  t h i r d  q u a r t e r  were concerned 

wi th  f u r t h e r  tests wi th  a marine diatom and d i v e r s e  p h y l e t i c  co lor  l i n e s  

of a lgae  f o r  photosynthe t ic  a c t i v i t y  as measured by amount of l i g h t -  

induced C 0 incorpora t ion  and subsequent CI4O r e l e a s e  during dark 

metabolism. The a lgae  t e s t e d  f o r  r e l a t i v e  responses  and f o r  e f f e c t  of 

pH on C 0 exchange were Nostoc commune (b lue-green) ,  Scenedesmus quadr i -  

cauda and Ch lo re l l a  pyrenoidosa (green) ,  Euglena g r a c i l i s  (pro tozoan- l ike  

euglenophyte) ,  and Porphyridium cruentum ( r e d ) .  The marine diatom 

14 
2 2 

14 
2 

Ni t z sch ia  c los te r ium was also t e s t ed .  

2. Exper imenta 1 

Method of C 0 genera t ion ,  l i gh t -da rk  exposure cyc le ,  incubat ion  14 
2 

14 
of organisms dur ing  t e s t i n g ,  C 0 c o l l e c t i o n ,  and r a d i o a c t i v i t y  d e t e r -  

minat ions were as repor ted  i n  previous q u a r t e r l y  r e p o r t s .  

2 

a. Detec t ion  of Photosynthesis i n  t h e  Green Alga 
Scenedesmus quadricauda 

- S .  guadricauda w a s  grown i n  the  l i q u i d  medium previously def ined  

f o r  Chlore l la .  

mu l t ip ly  as r ap id ly  as Ch lo re l l a .  It w a s  t h e r e f o r e  of i n t e r e s t  t o  

measure t h e  magnitude of C 

green  a lga .  A l l  t rea tments  were t r i p l i c a t e d ,  and c u l t u r e s  taken from a 

27-day o ld  s tock  contained 4.3 x lo5 c e l l s  per  f l a s k .  

Although 2. guadricauda i s  a green  a l g a ,  i t  does no t  

14 0 exchange of a r e l a t i v e l y  slow-growing 2 

The r e s u l t s  of 

t h i s  experiment are shown i n  Table 11-1. 
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Table 11-1 

Treatments 

Ce 1 Is 

Photosynthesis  of - S .  quadricauda 

Thirty-Minute Exposure t o  CI4O2 i n  Light  Followed by 
45 Minute Incubat ion i n  Dark 

N e t  Rad ioac t iv i ty  - cpm 

14 
N e t  C O2 Fixed 14 C 02 Col lec ted  

F ina l  15 Min. Dark Period 

Rep 1 i c a t  e 
1 Mean .- Mean Rep l i ca t e  

1 2 3 1 2 3 

1964 2276 1800 2013 4759 5213 5630 5200 

14 The mean r a d i o a c t i v i t y  i n  c e l l u l a r l y  incorpora ted  C w a s  

much g r e a t e r  than t h a t  r e t a i n e d  by the  blank. Although t h e  anomalous 

evolu t ion  of C 

average amount of C 1 4 0  

- S.  quadricauda w a s  considerably g r e a t e r  than t h a t  evolved from the  blanks.  

14 O2 from c o n t r o l s  of ac id  pH was  aga in  demonstrated,  t he  

evolved from photosynthe t ic  in te rmedia tes  of 
2 

% b. Detec t ion  of Photosynthesis i n  the  Blue-Green Alga 
Nostoc commune 

A 43 day-old c u l t u r e  of N .  commune grown i n  s o i l  e x t r a c t  medium - 
0 (1) w a s  s p l i t  i n t o  two equal  a l i q u o t s ,  one of which was heated a t  80 C 

f o r  one hour ,  whi le  t he  o the r  remained a t  room temperature.  The pH of 

the  h e a t - k i l l e d  sample and the  l i v e  c u l t u r e  w a s  5.7. 

served as a blank;  i t s  pH w a s  5.2. The l i v e  and k i l l e d  c e l l  t reatments  

and the  medium blank were exposed t o  C I 4 O  

r a d i o a c t i v i t y  de te rmina t ions  i n  the manner descr ibed  i n  (a) above. 

T r i p l i c a t e  c u l t u r e s  each contained 3.1 x 10 c e l l s .  The r e s u l t s  of t h i s  

s tudy a r e  presented i n  Table 1 1 - 2 .  

S o i l - e x t r a c t  medium 

incubated and prepared f o r  2 ’  

5 
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Table 1 1 - 2  

Treatments 

Photosynthesis of N. - commune 

Thi r ty  Minute Exposure t o  CI4O i n  Light  Followed by 
2 45 Minute Incubat ion i n  Dark 

Live c e l l s  

K i l l ed  ce l l s  

Medium blank I1586 I 1896 I 1104 I 1528 11 30 I 26 I 16 I 24 I 

Live cel ls  of N. - commune incorpora ted  much more C I 4  than  e i t h e r  

14 the  k i l l e d  ce l l s  o r  t he  blank. Metabolic release of C 0 i n  darkness  

could no t  be d i f f e r e n t i a t e d  from non-metabolic r e l ease .  

2 

C. Detec t ion  of Photosynthesis i n  the  Red Alga Porphyridium 
cruentum 

Pure c u l t u r e s  of E. cruentum were grown i n  a sewage-sea water 

medium (2) s t e r i l i z e d  by passage through a b a c t e r i o l o g i c a l  f i l t e r .  

A 25-day o ld  c u l t u r e  of Porphyridium w a s  s p l i t  i n t o  two equal  

a l i q u o t s ,  one of which w a s  h e a t - k i l l e d  as previous ly  descr ibed  whi le  t h e  

o t h e r  remained a t  room temperature; both were t e s t e d  f o r  r a d i o l o g i c a l  

d e t e c t i o n  of photosynthe t ic  a c t i v i t y .  C e l l  counts were r a t h e r  low 

(1.3 x 10 

These f a c t o r s  may have been respons ib le  f o r  the  lack of photosynthe t ic  

4 
ce l l s  per  f l a s k )  and the medium w a s  r a t h e r  a l k a l i n e ,  pH 8.5. 

response.  

A subsequent t e s t  of photosynthe t ic  a c t i v i t y  w a s  conducted on 

a 38-day o ld  c u l t u r e  of Porphyridium which appeared t o  be of about  t h e  

11-3 
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same gross  c e l l  dens i ty  a s  t he  aforementioned 

w a s  increased by low-speed cen t r i fuga t ion  and 

c u l t u r e .  Cul ture  dens i ty  

decan ta t ion  of t he  super -  

6 
na tan t .  T r i p l i c a t e  c u l t u r e s  each contained 1.0 x 10 c e l l s  per incubat ion  

f l a s k ,  and the  pH of a l l  t rea tments ,  which included a c u l t u r e  medium 

blank ,  w a s  6.0. Test  condi t ions were as descr ibed  above. Resul t s  of 

t h i s  experiment a r e  shown i n  Table 11-3. 

Table 11-3 

Photosynthesis of - P. cruentum 

Thirty-Minute Exposure t o  CI4O2 i n  Light  Followed by 
45 Minute Incubation i n  Dark 

.. 
*Aberrant count 

The above d a t a  show t h a t  a very high r a t e  of photosynthe t ic  

14 f i x a t i o n  of C 0 occurred,  r e l a t i v e  t o  t h a t  of t he  k i l l e d  c e l l s  and 

t h e  blank. 

s i g n i f i c a n t  i n  r e l a t i o n  t o  evolut ion from k i l l e d  c e l l s  and the  blank. 

Again, t h e r e  w a s  a cons iderable  evolut ion of C 0 from the  ac id  medium 

conta in ing  k i l l e d  c e l l s .  

2 
14 The amount of  C O2 evolved from l i v e  c e l l s  i n  darkness was 

14 
2 
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d. Photosynthe t ic  Response of t he  Marine D i a t o m  
Ni tzschia  c loster ium 

A 40-day o ld  c u l t u r e  of E. c los t e r ium,  grown i n  a s tandard  

diatom medium ( l ) ,  was cen t r i fuged  and most of t h e  superna tan t  decanted.  

The ce l l s  were resuspended i n  t h e  remaining volume of t h e  superna tan t  

t o  inc rease  t h e  c u l t u r e  d e n s i t y  over t h a t  of t h e  o r i g i n a l  c u l t u r e .  A 

p o r t i o n  of the  concentrated c u l t u r e  w a s  then heated as previously 

descr ibed  t o  k i l l  t h e  c e l l s  and the remaining po r t ion  served as inoculum 

f o r  t he  l i v e  c e l l  t rea tment .  Standard diatom medium w a s  used as a blank. 

The pH of a l l  p repa ra t ions  w a s  7 . 2 .  

descr ibed  and t r i p l i c a t e  c u l t u r e s  each contained 9 . 7  x lo4 ce l l s  per  f l a s k .  

The r e s u l t s  of t h i s  experiment a r e  shown i n  Table 11-4. 

Test condi t ions  were as previously 

T a b l e  11-4 

Photosynthesis  of E. c los te r ium 

Thirty-Minute Exposure t o  C 1 4 0  i n  Light  Followed by 
2 45 Minute Incubation i n  Dark 

14 The d a t a  show t h a t  C 0 evo lu t ion  from l i v e  c u l t u r e s  of 2 

- N. c los te r ium having a r e l a t i v e l y  l o w  c e l l  count w a s  no t  de tec ted .  

11-5 



14 
Although a r a t h e r  h igh  amount of C 0 was  r e t a i n e d  by k i l l e d  cells and 

the  b lank ,  metabol ic  incorpora t ion  by l ive  ce l l s  was  ind ica ted .  

2 

e .  E f f e c t  of pH on C I 4 O 2  S o l u b i l i t y  

The pH of t h e  water blanks and of t he  a l g a l  medium i n  t h e  test 

c u l t u r e s  g r e a t l y  a f f e c t s  t he  amount of C I 4 O  leaving t h e  a i r  phase and 2 
14 

en te r ing  t h e  water phase of the  exposure chamber. The C 0 taken i n t o  

s o l u t i o n ,  completely independent of any metabol ic  r e a c t i o n ,  w i l l  come out  

2 

of s o l u t i o n  dur ing  t h e  gas c o l l e c t i o n  per iod  and may completely mask the  

a l g a l  metabolism. To i l l u s t r a t e  t h i s ,  t h e  following example i s  of fered .  

Assume t h e  volume of t he  a i r  space i s  f i v e  t i m e s  t he  volume of t h e  l i q u i d  

i n  t h e  chamber i n  which t h e  a l g a l  c u l t u r e  i s  exposed t o  C I 4 O  i n  t h e  l i g h t .  
2 

14 Then t h e  d i s t r i b u t i o n  of t he  C 0 between t h e  a i r  and water phases as 2 
0 a func t ion  of pH w i l l  be  as follows a t  25 C. 

PH 
2 
3 

4 

5 

6 

7 

8 

9 
10 

Moles C O ,  i n  a i r h o l e s  CO i n  water 
L 2 

6 4 . 0  

64.0 

64 .O 
61 .5  

44.7 

12.1 

1.4 

0 .14  

0.01 

2 It is  thus  seen  t h a t  approximately f i v e  t i m e s  as much C I 4 O  

would go i n t o  s o l u t i o n  a t  pH 7 as a t  pH 5. 

g r e a t e r  amount of C 

when t h e  g e t t e r  i s  introduced. 

Accordingly,  a correspondingly 

O2 is  a v a i l a b l e  f o r  c o l l e c t i o n  from the  pH 7 s o l u t i o n  14 

2 This problan may be resolved when a l g a e  are exposed t o  C I 4 O  

i n  s o i l ,  r a t h e r  than i n  water. Drying of t he  aqueous c u l t u r e  would 

11-6 



14 
e l i m i n a t e  t h i s  s o l u b i l i t y  a r t i f a c t  from the  C f i x a t i o n  de te rmina t ion .  

2 Laboratory inves t iga t ions  of the  pH problem as i t  a f f e c t s  C 1 4 0  

s o l u b i l i t y  and a l g a l  metabolism were undertaken. 

Rep l i ca t e  

1 ' 2  

638 1 , 134 
92 90 

1,007 1 , 140 
15 24 

5,801 21,037 
19,343 9,118 

Ch lo re l l a  pyrenoidosa. 

(7-11-05) of t h i s  green a l g a  was cent r i fuged  and t h e  c e l l s  resuspended 

A c u l t u r e  of a high-temperature  s t r a i n  

- Mean 

88 6 
9 1  

1,073 
20 

13,419 
14,230 

i n  0.06 M phosphate bu f fe r .  This prepara t ion  w a s  s p l i t  i n t o  two equal  

Rep 1 i ca t e 

- 1  ' 2  

20,903 42,699 
2,524 4,101 

36,951 56,951 
26 40 

37,417 41,130 
137 78 

' 

a l i q u o t s ,  one of which w a s  heated as  prev ious ly  descr ibed  t o  k i l l  t he  c e l l s ;  

Mean 

31,801 
3,312 

46,663 
33 

39,273 
10 7 

the  o t h e r  a l i q u o t  served as  the  l i v e  c e l l  t reatment .  This procedure w a s  

used f o r  systems buf fered  a t  pH 4.5, 7.0, and 8.7. 

was used; equal  amounts of 0.06 M KH2P04 and Na HPO 

and 0.06 M N a  HPO 

For pH 4.5, 0.06 M KH2P04 

were used f o r  pH 7.0; 2 4  
was  used f o r  pH 8.7. Respect ive c e l l  counts a t  t h e  t h r e e  pH 2 4  

7 7 levels were 3.1 x l o 7 ,  3.0 x 10 , and 2.9 x 10 c e l l s  pe r  incubat ion  f l a s k .  

T e s t  condi t ions  were as descr ibed  previous ly  and t rea tments  were dup l i ca t ed .  

The r e s u l t s  of t h i s  experiment a r e  shown i n  Table 11-5. 

Table 11-5 

E f f e c t  of pH on Detec t ion  of Photosynthesis  o f  - C. pyrenoidosa 

Thirty-Minute Exposure t o  C I 4 0  i n  Light  Followed 
by 45 Minute Incubat ion ?Cn Dark 

Treatments 

Cells 

Live,  pH 4.5 
K i l l e d ,  pH 4.5 

Live,  pH 7.0 
K i l l e d ,  pH 7.0 

Live,  pH 8.7 
K i l l e d ,  pH 8.7 

N e t  Radioact 

14 C 0 Collected 
F i n a l  15 6 i n .  Dark Per iod 

i""-,l Net C 0 Fixed 

11-7  



Although t h e r e  was cons iderable  v a r i a t i o n  between r e p l i c a t e s  

of c e r t a i n  t rea tments ,  s i g n i f i c a n t  r e s u l t s  were obtained.  Over t h e  

range of pH imposed, t h e r e  w a s  no d e f i n i t e  e f f e c t  of pH on the  metabol ic  

a c t i v i t y  of C. pyrenoidosa t o  f i x  C 

t h a t  k i l l e d  ce l l s  a t  an a c i d  pH re ta ined  much C 

r e t e n t i o n  by k i l l e d  ce l l s  a t  n e u t r a l i t y ;  and, t h e r e  w a s  moderate r e t e n t i o n  

a t  pH 8.7. A t  pH 4.5 and 7.0 ,  t he  metabol ic  evo lu t ion  of C 0 from 

photosynthe t ic  compounds could be de t ec t ed ,  b u t  a t  pH 8.79 t h e  metabol ic  

release of C 

14 0 Again, it w a s  demonstrated - 2' 
14 

02; t h e r e  w a s  s l i g h t  

14 
2 

14 0 w a s  masked by d i s s o l u t i o n  of CI4O from the  water. 2 2 

Euglena g r a c i l i s .  The Vischer S t r a i n  of t h i s  euglenophyte w a s  

used i n  t h i s  s tudy of pH e f f e c t s .  

t o  i nc rease  c u l t u r e  dens i ty  as descr ibed above. In  t h i s  experiment B i l l e d  

c e l l  c o n t r o l s  were not  prepared;  i n s t ead ,  r e p l i c a t i o n  w a s  increased.  

Live c e l l s  were suspended i n  0.06 M phosphate b u f f e r  systems a t  pH 4.5, 

7.0, and 8.6; ca l cu la t ed  c e l l  counts a t  t h e  t h r e e  pH levels were, 

4 4 4 
r e s p e c t i v e l y ,  8 .2  x 10 , 10.5 x 10 , and 12.7 x 10 cells per  incubat ion  

f l a s k .  

Cells w e r e  cen t r i fuged  and resuspended 

Treatments were t r i p l i c a t e d  and test  condi t ions  were as previous ly  

descr ibed .  The r e s u l t s  of t h i s  experiment are shown i n  Table 11-6. 

Table 11-6 

E f f e c t  of pH on Detec t ion  of Photosynthesis  by E. grac . i l i s  

Thirty-Minute Exposure t o  CI4O i n  Light  Followed 2 by 45-Minute Incubat ion i n  Dark 

*Ab err a n t  c o d  t 
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A s  shown f o r  - C. pyrenoidosa, pH had no e f f e c t  on the  a b i l i t y  

There was no 

O2 evolu t ion  i n  darkness a t  pH 4.5 and 7.0, bu t  t h e r e  

14 
of cells of - E ,  g r a c i l i s  t o  f i x  C 

d i f f e r e n c e  i n  C 

O2 photosynthe t ica l ly .  

14 

w a s  a s t r i k i n g  inc rease  i n  C140 

25-fold response over those observed a t  the  two lower pH's. 

evolut ion a t  8.7, amounting t o  a roughly 2 

3. Discussion and Conclusions 

Although a r e l a t i v e l y  low concent ra t ion  of c e l l s  of t h e  green 

a l g a ,  Scenedesmus quadricauda w a s  t e s t e d ,  t he  r e s u l t s  shown i n  Table 11-1 

i n d i c a t e  t h a t  l ight- induced c e l l u l a r  incorpora t ion  of CI4O and i t s  

subsequent metabol ic  r e l e a s e  i n  darkness could be de t ec t ed  by the  

2 

r a d i o l o g i c a l  method. Scenadesmus c e l l s  d iv ide  a t  a slower r a t e  than 

cells  of Ch lo re l l a  pyrenoidosa; moreover, few c e l l s  of Scenedesmus when 

t e s t e d ,  were a c t i v e l y  dividing.  It has t h e r e f o r e  been shown t h a t ,  

a l though growth, i n  terms of c e l l  m u l t i p l i c a t i o n ,  w a s  occur r ing  a t  a 

slow rate, photosynthe t ic  metabolism was s u f f i c i e n t l y  a c t i v e  t o  permit 

d i s t i n c t  r a d i o l o g i c a l  d e t e c t i o n  of phototrophic  a c t i v i t y .  

14 Detectable  l ight- induced C 0 incorpora t ion  by the  blue-green 

a l g a  Nostoc commune was demonstrated (Table 11-2) ,  b u t  metabol ic  r e l e a s e  

of C 0 by l i v i n g  c e l l s  during darkness could not  be d i f f e r e n t i a t e d  from 

t h a t  of k i l l e d  c e l l s  or  the  blank. 

w a s  r e l a t i v e l y  low (3 .1  x lo5 cells per f l a s k )  , and it is  probable t h a t  

2 

14 
2 

C e l l  concent ra t ion  i n  t h e  experimentals 

t h e  number of c e l l s  w a s  i n s u f f i c i e n t  t o  a l low d i sc r imina t ion  between 

metabol ic  release and non-metabolic r e l e a s e  of C 0 i n  darkness during 
14 

2 

a s i n g l e  l i gh t -da rk  regime. 

Resul t s  presented i n  Table 11-3 show t h a t  photosynthe t ic  

metabolism of t h e  red alga Porphyridium cruentum i n  concent ra t ions  of 

1.0 x 10 6 
c e l l s  per f l a s k  can be e a s i l y  de t ec t ed  r a d i o l o g i c a l l y  i n  ac id  
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condi t ions ;  however, photosynthet ic  responses  could not  be de t ec t ed  f o r  

1 .3  x 10 c e l l s  i n  a l k a l i n e  condi t ions.  
4 

Photosynthe t ic  f i x a t i o n  of CI4O w a s  de t ec t ed  i n  t h e  marine 2 

diatom Ni t z sch ia  c los te r ium a t  pH 7 . 2 ,  al though metabol ic  evo lu t ion  of 

C 0 could no t  be d i f f e r e n t i a t e d  from non-metabolic release during 

incubat ion  i n  darkness (Table 11-4). Here aga in ,  i t  i s  probable  t h a t  t he  

14 
2 

c e l l  concent ra t ion  was not  s u f f i c i e n t l y  h igh  t o  d i sc r imina te  between 

metabol ic  and non-metabolic r e l e a s e  i n  a l k a l i n e  condi t ions ,  Considerable  

r e t e n t i o n  of C 0 occurred i n  the  k i l l e d  c e l l  t reatment  and i n  the  
14 

2 
14 blank; h e r e ,  t h e r e f o r e ,  r e t e n t i o n  of C 0 by k i l l e d  c e l l  t rea tments  under 

a l k a l i n e  condi t ions  was  de tec ted .  

2 

It has been shown i n  previous q u a r t e r l y  r e p o r t s  t h a t  certain 

c o n t r o l  t rea tments  a t  a c i d  pH, containing h e a t - k i l l e d  ce l l s  o r  lack ing  

them, absorbed apprec iab le  amounts of CI4O dur ing  t h e  l i g h t  phase and 

r e l eased  i t  during t h e  subsequent dark  phase. Resul t s  presented  i n  t h i s  

r e p o r t  (Tables 11-1, 11-2, and 11-3) are f u r t h e r  demonstrations of t h i s  

2 

phenomenon. 

14 The above anomalies of C 0 exchange under ac id  and b a s i c  

condi t ions  led  t o  s t u d i e s  of pH e f f e c t s  i n  buf fered  systems. The pH 

s t u d i e s  (Tables 11-5 and 11-6) c l e a r l y  show the  e f f e c t  of concent ra t ion  

of hydrogen and hydroxyl ions on CI4O exchange. I n  both cases ,  C O2 

evo lu t ion  by l i v e  c e l l s  was comparable i n  n e u t r a l  o r  a c i d  condi t ions ;  

i n  a l k a l i n e  cond i t ions ,  however, evolu t ion  of C 0 w a s  g r e a t l y  st imu- 

l a t e d .  The dark  evolu t ion  of C 0 i n  a l k a l i n e  condi t ions  followed t h e  2 

ex tens ive  non-metabolic absorpt ion of t he  l abe led  gas during exposure 

2 

14 
2 

14 
2 

14 

i n  t h e  l i g h t .  The importance of t h e  e f f e c t  of pH on CO s o l u b i l i t y  has 

been d iscussed  ea r l i e r ,  as have poss ib l e  methods f o r  c o n t r o l l i n g  t h i s  

2 

problem. 
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I n  t h e  Ch lo re l l a  experiment (Table 11-5) both t h e  l i v e -  and 

B i l l e d - c e l l  t reatments  evolved comparable h igh  counts i n  CI4O 

whereas C 

l i v i n g  cel ls  i n  C I 4 0  uptake. N e t  C 0 f i x a t i o n  by l ive  ce l l s  was 

canparable ,  r ega rd le s s  of pH, i n  the Ch lo re l l a  experiment and i n  t h e  

Euglena s tudy . 

a t  pH 8.7, 2 
14 O2 f i x a t i o n  d a t a  f o r  t h i s  pH c l e a r l y  show t h e  func t ion  of 

14 
2 2 

2 The photosynthesis  s t u d i e s  made i n  t h i s  program show t h a t  CI4O 

w a s  r e a d i l y  incorporated by l i v i n g  c e l l s  when they were placed i n  a 

f i b e r g l a s s  matrix through which the l abe led  gas was passed. A s  repor ted  

e a r l i e r  (Quarterly Report No. 1 3 ) ,  photosynthe t ic  uptake was n o t  e l i c i t e d  

14 when C w a s  passed over c e l l  suspens ions , in  t h e  cen te r  w e l l  of Warburg 

vessels. 

be very  s o l u b l e  t h e r e i n ,  and would be r a t h e r  unava i l ab le  f o r  c e l l u l a r  

uptake.  

f i b e r g l a s s  pads pho tosyn the t i ca l ly  f ixed  C 0 Such systems might be 

viewed as semi-sol id  i n  na tu re ,  conta in ing  cel ls  having moistened c e l l  

w a l l s  exposed t o  t h e  porous gas passages,  

14 
C 0 

t o  c e l l  membranes f o r  metabol ic  incorporat ion.  Based on t h i s  premise,  

i t  i s  conceivable  t h a t  i n  cases  where k i l l e d  c e l l s  r e t a ined  r a d i o a c t i v i t y ,  

t he  h e a t - k i l l i n g  process  c rea t ed  CO -bonding s i tes  on c e l l  walls o r  c e l l  2 

membranes, o r  r e l eased  CO -bonding agents  t o  the  ambient f l u i d ,  In  

ana lys ing  t h e  r e t e n t i o n  of r a d i o a c t i v i t y  by k i l l e d  c e l l s  a t  low pH 

(eg. pH 4.5, Table 11-5) ,  i t  may be assumed t h a t  a complexing o r  che la t ing  

mechanism w a s  opera t ive .  Such a system might c o n s i s t  of carbon-containing 

0 2 

Carbon d ioxide  adminis tered t o  dec ide ly  a c i d  systems would not  

However, cel ls  suspended i n  a c i d  b u f f e r s  o r  media and placed on 

14 
2 '  

Therefore ,  low s o l u b i l i t y  of 

i n  a c i d  condi t ions  d id  not  prevent  s u f f i c i e n t  exposure of t h e  gas 2 

2 

s u b s t i t u e n t  groups whose d i s s o c i a t i o n  a c t i v i t y  would not  fol low t h e  

Henderson-Hasselbach r e l a t i o n s h i p  f o r  pK, pH, b icarbonate  i o n ,  and C02 

concen t r a t ion ,  and t h e  q u a n t i t a t i v e  l o s s  of CO i n  darkness would not  

occur .  

2 
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4 .  Tasks f o r  the  Fourth Quarter 

The program designed t o  screen pure c u l t u r e s  of a lgae  f o r  

photosynthe t ic  response is  considered complete. The yellow-green a l g a ,  

Botrydiopsis  a r h i z a  has not  been successfu l ly  grown t o  a u s e f u l  c u l t u r e  

dens i ty ;  t h i s  organism, t h e r e f o r e ,  w i l l  not  be f u r t h e r  s tud ied .  

Laboratory model photosynthesis chambers are complete. Upon 

completion of prel iminary s t u d i e s  of labe led  gas manipulat ion and 

recorder  c a l i b r a t i o n ,  n a t u r a l  soil samples and s t e r i l e  s o i l s  inocula ted  

wi th  pure c u l t u r e s  of phototrophic  a l g a e  and b a c t e r i a  w i l l  be t e s t e d  

f o r  photosynthe t ic  response. 
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B. -- IN SITU DETERMINATIONS 

Bio log ica l  support  f o r  the " in  s i t u "  Gu l l ive r  has commenced. 

Planchet  and i n  s i t u  experiments were conducted i n  the  f i e l d  and i n  t h e  

labora tory  t o  compare (1) responses d i r e c t l y  from s o i l  s u r f a c e s ,  from 

1/4  inch  s o i l  cores  placed i n  p lanchets ,  f rommixed so i l -ho r i zon  samples 

packed i n  p lanchets ,  and from 100 mg of mixed so i l -ho r i zon  samples i n  

p lanchets ;  and (2) incubat ion  and c o l l e c t i o n  response per iods.  

The f i e l d  po r t ion  of t he  experiment w a s  conducted on garden 

s o i l  i n  the  Washington, D. C. a rea .  A s i t e  approximately one f o o t  square 

w a s  s e l ec t ed .  Each phase of the  experiment was performed i n  t r i p l i c a t e ,  

bu t  due t o  the  very na tu re  of s o i l  even t h i s  l imi ted  area would con ta in  

a l a r g e  v a r i e t y  of mixed populations.  As a r e s u l t ,  t he  r e p l i c a t e s  are 

t o  be considered as ind iv idua l  responses.  Medium M9 conta in ing  C formate,  

g lucose ,  lactate ,  g lyc ine ,  Table 11-7, 11-8, was used throughout. 

Three s o i l  de te rmina t ions  were performed. 

14 

(1) I n  s i t u  - 0.04 m l  of C I 4  medium w a s  placed d i r e c t l y  on 

t h e  s o i l  su r f ace .  W e t  Ba(0H) c o l l e c t i o n  pads i n  p lanchets  were 

immediately placed over the  sites. One set  was allowed t o  remain fo r  

one hour. A second se t  of inocula t ions  w a s  covered f o r  15 minutes;  

c o l l e c t i n g  p lanchets  were removed and rep laced  wi th  f r e s h  Ba(0H) 

and a second 15 minute incubat ion-col lec t ion  made; a t h i r d  and fou r th  

15 minute incubat ion-col lec t ion  period followed. 

2 

pads 2 

(2)  S o i l  co re ,  planchet  de te rmina t ion  - s o i l  cores  (approxi-  

mately l j 4  inch p r o f i l e )  from the same s i t e  were c a r e f u l l y  and a s e p t i c a l l y  

removed and placed w i t h i n  p lanchets ,  s o i l  s u r f a c e  upward; 0.04 m l  of C 

media were placed on the  s o i l s ;  incubat ion-col lec t ion  procedures were 

t h e  same as i n  (1) above. 

14 

(3)  Mixed so i l -hor izon  sample, p lanchet  de te rmina t ion  - the  
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procedure was i d e n t i c a l  t o  (2) above wi th  t h e  except ion of thoroughly 

mixing t h e  s o i l  p r o f i l e  sample before placement i n  t h e  planchets .  

( 4 )  S o i l ,  l abo ra to ry ,  planchet de te rmina t ion  - s o i l  from the  

experimental  s i t e  was removed t o  the l abora to ry ,  port ioned out  i n  100 mg 

q u a n t i t i e s ,  placed i n  p lanchets  containing t h e  same CI4 medium (0.5 m l )  

and incubated and c o l l e c t e d  f o r  the same t i m e  i n t e r v a l s .  This enabled 

comparison of t h e  r o u t i n e  laboratory method and r e s u l t s  t o  those  obtained 

i n  t h e  f i e l d .  

The responses  are presented i n  Table 11-9. The -- i n  s i t u  r e s u l t s  

w e r e  very encouraging , p a r t i c u l a r l y  those  obtained during the  f i r s t  

f i f t e e n  minute per iods.  

I n  view of t hese  exce l l en t  e a r l y  responses ,  a second f i e l d -  

labora tory  experiment was  conducted. The same gene ra l  procedure was 

followed, only t h e  incubat ion  and c o l l e c t i o n  per iods were a l t e r e d .  Four 

completely s e p a r a t e  (non-consecutive) i ncuba t ion -co l l ec t ion  pe r iods  were 

made, cons i s t ing  of one minute ,  f i v e  minute ,  twenty minute and s i x t y  

minute  per iods  each. The responses were aga in  e x c e l l e n t ,  Table 11-10. 

The one minute  and f i v e  minute  responses from the organisms p r e s e n t  on 

t h e  s o i l  s u r f a c e  ( i n  - s i t u )  were very h igh  i n  themselves and a l s o  i n  

comparison t o  those  obtained i n  the labora tory  a t  comparable per iods .  

These experiments have provided valuable  information i n d i c a t i n g  t h e  

f e a s i b i l i t y  of t h e  -- i n  s i t u  method of d e t e c t i n g  metabol ic  a c t i v i t y  d i r e c t l y  

from t h e  s o i l  sur face .  
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8 

Medium M9 

Table %I-7 

COMPOSITION OF BASAL MEDIA-UNLABELED 

per  l i t e r  

K2HP04 1.0 g 

"4N03 0.2 

MgSO 4 *7H20 0.2 

NaC 1 0.1 
S o i l  ex t r ac@ 100.0 m l  

pH 7.0 

Medium M 8  

per  l i t e r  

K 2 HP04 1.0 g 

MgS04 7H20 0.2 

KN03 0.5 

N a C  1 0.1 

pH 7.0 f 

Medium M5 

K HP04 2 

m03 
MgSO =7H20 4 
NaC 1 

M a l t  e x t r a c t  

Beef e x t r a c t  

pe r  l i t e r  

1.0 g 

0.5 

0.2 

0.1 

3 -0 

3 .O 

Yeast e x t r a c t  13.0 

Ascorbic ac id  0.2 

L-cys t i n e  Q.7 

Bacto casamino ac id  4.0 
Proteose peptone #3 20 .o 
S o i l  extract?\ 250.0.ml 

pH 7.2 

Medium 1/5 M5 - Medium M 5  d i lu t ed  5-fold with d i s t i l l e d  water 

Medium 1/16 M5 - Medium M5 d i l u t e d  16-fold wi th  d i s t i l l e d  water 

*Soi l  extract  prepared by suspending 500 g of a i r  d r i e d  soil i n  1300 ml 

H 2 0  conta in ing  0.1% N a  CO 

f i l t e r e d ,  and l i q u i d  loss made up t o  1000 ml with  water.  

The mixture  i s  autoclaved f o r  one hour ,  2 3' 
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Subs t r a t e s  

Sodium formate 

D-glucose-U. L. 

DL-s od ium l a c t a t e  -1 

Glycine - 1 

S u b s t r a t e s  

Sodium formate 

D-glucose-U .L. 

DL-sodium l a c t a t e -  1 

Table 11-8 

BASAL MEDIA-C14 SUBSTRATES 

Formate-Glucosepbctate-Glycine 

Sp.  Act. (mc/millimole) 

25.0 

3.0 

5 .O 

4.4 

Formate-Glucose-Lactate 

Sp. Act. (mc/millimole) 

25.0 

3.0 

5.0 

11-16 

mM 

0.26 

0.42 

0.26 

0.22 

mM 

0.26 

0.42 

0.26 

uc/ml 

6.5 

1.3  

1.3 

1 .o 

uc /ml  

6.5 

1.3 

1 . 3  

% (w/v) 

0.002 

0.007 

0.002 

0.002 

% (w/v) 

0.002 

0.007 

0.002 



Table 11-9 

I N  SITU AND PLANCHET DETERMINATIONS - I 

Inoculum 

S o i l  Organisms All 
Taken Within One 
Square Foot P l o t  

I n  S i t u  

F i e l d  

0.04 ml medium 

-- I 
Planchet  

S o i l  Core 

F i e  Id 

0.04 m l  medium 

Planchet  

Mixed s o i l - h o r i z o n  
sample 

F ie ld  

0.04 m l  medium 

Planchet  

100 mg mixed s o i l -  

Laboratory 

0.5 m l  medium 

hor izon  sample 

Media Cont ro ls  

Laboratory I 

0 -15 - 

57,754 

54,457 
--- 

29,711 

30,662 

33,820 

80,069 

82,858 i 52,330 
i 

97,621 

115 , 775 

33 

Radioac t iv i ty  - cpm 

Incubat ion-Col lec t ion  Periods 
(min) 

15-30 30 -45 

6,311 4,069 
5,151 3,939 
--- 2,900 

12,163 7,273 

11,118 5,625 

2,498 5,747 

61,687 10,688 

55,997 5,299 

12,877 8,312 

97,423 110,609 

106,870 140,335 

11 20 

1 0.5 m l  medium 

14 
Medium M9-(formate, g lucose ,  lactate ,  glycine)-C 

11-17 

45 -60 

2,462 

2,270 

2,305 

4,032 

3,894 

3,322 

7,243 
4,617 

4,957 

79,093 

113,739 

0 -60 - 

35,710 
27,937 

--- 

92,354 

81,337 

71,997 

4,589 

2,739 
--I 

89,969 

145,111 

22 1,149 



Table 11-10 

I N  SITU AND PIANCHET DETERMINATIONS - I1 

Inoculum 
S o i l  Organisms 

A l l  Taken Within 
One Square Foot P l o t  

Radioac t iv i ty  - cpm 

Tota l  Incubat ion-Collect ion Periods From Ind iv idua l  Samples 

(minutes ) 

I n  S i t u  

F ie ld  

0.04 m l  medium 

-- 
i 

i 
i 
3 

Planehe t 

S o i l  Core 

F ie ld  

0.04 m l  medium 

P 

Planchet  

Mixed so i l -ho r i zon  sample 

F ie ld  

0.04 m l  medium 

Planchet  

100 mg mixed so i l -ho r i zon  
sample 

Laboratory 

0.5 m l  medium 

I 
I 

Media Controls  

Labor a t  o r y  

0.5 ml medium 

1 - 

21,970 

11,435 

25,285 

--- 
--- 
--- 

--- 

I 
--- 
--- 

1,125 

1,620 

32 

34 

24 

I .  

5 - 

51,134 

54,849 

42,964 

21,428 

57,180 

50,381 

53,224 

77,463 

26,947 

9,961 

13,053 

6,132 

35 

41 

43 

20 - 

36,142 

46,624 

55,205 

28,089 

36,145 

37,888 

48,317 

44,176 

42,404 

72,275 

71,613 

73,170 

59 

63 

56 

14 Medium M9-(formate, glucose,  lactate ,  glycine)-C 

11-18 

60 - 

43,392 

35,843 

25,710 

57,091 

49,111 

53,169 

84,700 

54,438 

49,144 

133,571 

129,070 

124,796 

112 

120 

110 



I' 
I 
8 
8 
I 
8 
I 
I 
1 
I 
8 
I 
I 
1 
1 
1 
8 
I 
I 

C.  MEDIUM DEVELOPMENT 

1. Basal Media Subs t ra tes  - Unlabeled 

The s o l e  source of n i t rogen  i n  t h e  unlabe led ,  b a s a l  M9 medium 

i s  potassium n i t r a t e .  

ammonium n i t rogen  as w e l l  as n i t r a t e  n i t rogen .  

Ammonium n i t r a t e  might be s u b s t i t u t e d  and provide  

Previous determinat ions (Quar te r ly  Report No. 14) showed t h a t  

concent ra t ions  of 0.01, 0.1, 1.0, 1.5, and 3.0 grams per  l i t e r  of ammonium 

n i t r a t e  i n  M9-C media produced responses from va r ious  s o i l  inocula  t h a t  

were similar t o  those  obtained from s tandard  M9-C . The s tudy was con- 

t i nued ,  comparing ammonium n i t r a t e  t o  potassium n i t r a t e  on a n i t r o g e n  

weight per  weight bas i s .  Details  follow: 

14 

14 

Method ----- Planchet determinat ion 

Media ----- 0.5 m l / t e s t  

(1) Standard M9-C 14 

a. 0.5 g / 1  KN03 

(2)  Modified M9-CI4 

a. KN03 - de le t ed  

b. 0.198 g / 1  NH4N03 

Inocula  ----- 
(1) E. c o l i  0.1 m l  

(2) Alaska, Fairbanks 

(3) Alaska, Palmer 

(4) F lo r ida ,  Daytona Beach 

(5) V i r g i n i a ,  Orange 

13,86% N = 69 mg/l N 

35.00% N = 69 mg/l N 

5 6 x 10 c e l l s / t e s t  

100 mg s o i l  

100 mg s o i l  

100 mg s o i l  

100 mg s o i l  

Successive Incubat ion Periods ----- 1, 3, 5 ,  24 hours 

C 0 Co l l ec t ion  Time ----- f i n a l  15 minutes of each incubat ion  per iod 

Resu l t s  ----- Table 11-11. The responses  from both media w e r e ,  aga in ,  

14 - 2 

b a s i c a l l y  s i m i l a r .  

advantage of t he  ammonium n i t r a t e ,  i t  was, neve r the l e s s ,  deemed adv i sab le  

Although the re  appeared t o  be no s t r i k i n g l y  obvious 
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t o  s u b s t i t u t e  t he  ammonium n i t r a t e  (0.2 g / l )  f o r  t he  potassium n i t r a t e  

i n  t h e  M9 basa l  medium s i n c e  it increased t h e  p o t e n t i a l  response spectrum 

of t h e  medium. 

I n v e s t i g a t i o n  of gwwth responses from inocula ted  M9 (formate,  

14 
glucose,  l a c t a t e ,  glycine)-C has continued with t h e  add i t ion  of var ious  

vi tamins t o  t h e  medium. The n ine  vi tamins most commonly used as supple- 

ments were reviewed f o r  CI4  medium campatabi l i ty  and f o r  s t e r i l i z a t i o n  

s t a b i l i t y .  Seven were s e l e c t e d  and incorporated i n t o  the  M9-C a t  

e f f e c t i v e  b u t  1ow.levels  f o r  t he  f i rs t  study. 

14 

Routine planchet  determinat ions were performed. The vi tamins 

t e s t e d  were n i c o t i n i c  a c i d  (n iac in ,  B ), r i b o f l a v i n  (B ), thiamine 

hydrochlor ide (B ), b i o t i n  (H),  cyanocobalamin (B ), f o l i c  ac id  (B M), 

1 
and paraaminobenzoic a c i d  (H ). 

gene ra l ly ,  improve responses.  

3 2 

1 12 C Y  

The v i tamin  supplementation d id  n o t ,  
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Table 11-11 

RESPONSES TO MEDIA M9-C14, M9-CI4 CONTAINING "$E3 I N  PLACE OF KN03 

Planchet  Determination 

Inoculum 

E. c o l i  
5 6 x 10 c e l l s  

Alaska,  Fairbanks 

s o i l  100 mg 

Alaska,  Palmer 

s o i l  100 mg 

F l o r i d a ,  Daytona Beach 

s o i l  100 mg 

V i r g i n i a ,  Orange 

s o i l  100 mg 

S t e r i l e  Media 

Cont r o  Is 

Medium N e t  Radioac t iv i ty  - cpm 
(0.5 ml) Successive Incubat ion Periods* (h r s )  

14 KNo3 449 4 
NH NO eM9-C 14 

4 3  

KNO,. 4 9  -c 14 

14 3 
NH4N03 -M9 -C 

14 KNO, -M9 -C 
14 3 

NH4N03 -M9 -C 

14 

NH NO - M 9 4  4 3  
14 KN03 -M9 -C 

NH4N03 449 -C 

KN03 -M9 -C 
NH4N03 -M9-C 

KNo3 4 9  -c 
14 

14 

14 

14 

1 - 

1305 

1515 

4141 

3972 

789 1 

7792 

26 

63 

31207 

34357 

12  

11 

3 - 
3005 

348 7 

4 746 

4596 

8278 

7947 

62 

74 

29992 

31191 

5 

11 

14 *C 0 c o l l e c t i o n  time - f i n a l  15 minutes of each incubat ion  per iod 2 

11-21 

5 

6479 

7655 

8833 

9475 

14482 

14585 

.276 

228 

34871 

32457 

3 

11 

- 24 - 

6462 

1893 

1784 

1396 

1 2  13 

1233 

14869 

12043 

9 34 

855 

1 

18 



D. ANTIMETABOLITES 

Bard Parker ,  a c m e r c i a l  germicide,  cont inues t o  be  used 

success fu l ly .  Recent r e p o r t s  c i t i n g  increased  ce l l  permeabi l i ty  induced 

by the  chemical compound dimethyl su l fox ide  (DMSO) l ed  t o  t h e  p o s s i b i l i t y  

of i t s  u s e  i n  enhancing t h e  inh ib i to ry  a c t i o n  of t h e  Bard Parker a n t i -  

metabol i te .  

S tud ie s  were undertaken wi th  Saccharomyces cerevisiae t o  d e t e r -  

mine t h e  e f f e c t  of DMSO on the  pure c u l t u r e  as w e l l  as compatabi l i ty  wi th  

t h e  C medium. Determinations were performed on 5. c e r e v i s i a e  c o r r e l a t i n g  

decreas ing  concent ra t ions  of Bard Parker wi th  DMSO a t  a l e v e l  no t  i n  i t s e l f  

14 

i n h i b i t o r y  o r  s t imu la t ing .  This was done t o  determine a p o s s i b l e  syner-  

g i s t i c  e f f e c t  of t he  DMSO on i n h i b i t i o n  by t h e  Bard Parker by v i r t u e  of 

t he  supposed increased  permeabi l i ty .  The procedures were as fol lows:  

14 E f f e c t  of M O  on S. cerevisiae, C Medium 

Method ----- Planchet  determinat ion 

14 Medium ----- 0.5 m l  Sabouraud b r o t h ,  2 uc/ml glucose-C 

DMSO Concentrat ions ----- 1, 2,  5, 10% 

Indcula  ----- 0.1 ml - S. c e r e v i s i a e  5 5 x 10 cells/ test  

Successive Incubat ion Periods ----- 1, 3 ,  5 ,  24 hours 

14 C O2 Co l l ec t ion  Time ----- f i n a l  15 minutes of each incubat ion  - 
period 

Resu l t s  ----- Table 11-12. The 5% W O  concen t r a t ion  was s e l e c t e d  

on t h e  b a s i s  t h a t ,  of i t s e l f ,  i t  n e i t h e r  i n h i b i t e d  nor promoted growth 

b u t  w a s  probably s u f f i c i e n t l y  high t o  i n d i c a t e  t h e  sought s y n e r g i s t i c  

e f f e c t .  
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Effect of 5% DMSO +Bard Parker on Inhibition 

14 Method, Medium-C , Inoculum, Incubation-Collection Period - as above. 
Bard Parker Concentrations ----- 20.0, 10.0, 5.0, 2-5, 1.3, 0.6, 0.3%. 

Results ----- Table 11-13. Results showed no advantage for including 

the DMSO, but confirmed the excellent performance of the Bard Parker. 

- - - - -  
'Brook Aloetex Concentrate,' a commercial iodine-detergent 

complex, was screened for use as a possible antimetabolite. The active 

ingredients in the product are nonylphenoxy-polyethoxy-ethanol-iodine 

complex, ethylenediaminetetraacetic acid (EDTA), and diglycolic acid. 

A planchet determination was first performed to establish the compatability 

of the compound with the four radioactive substrates of the M9 medium. 

Since excessive degradation of the sterile C medium occurred, further 

testing was precluded. 

14 
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14 
“Medium - 0.5 ml Sabourauds Broth containing 2 uc/ml glucose-C 

5 Inoculum - 0.1 m l  S. c e r e v i s i a e  5 x 10 c e l l s / t e s t  - 
14 *C O2 c o l l e c t i o n  time - f i n a l  15 minutes of each incubat ion  per iod 

Table 11-12 

EFFECT OF DMSO ON GROWTH RESPONSE OF S. CEREVISIAF, I N  CI4 MEDIUM 

Planchet Determination* 

DMSO 
Concentrat ion 

- S . c e r e v i s i a e  

- S. c e r e v i s i a e  + 1% 

S. c e r e v i s i a e  + 2% - 
- .  S. cerevisiae + 5% 

S.  - cerevisiae + 10% 

N e t  Rad ioac t iv i ty  - cpm 

Successive Incubat ion Periods* (hrs)  

24 1 

1518 3111 5 745 177 

1403 3255 5924 19 7 

1420 2788 5353 221 

1570 2820 5301 164 

1141 16 24 2500 97 

- 5 - 3 - - 
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8 Table 11-13 

EFFECT OF 5% DMSO 4- BARD PARKER ON INHIBITION OF S. C E R E V I S M  I N  CI4 MEDIUM* I Planchet Determination 

I 
I I 

Inoculum Concentration Net Radioac t iv i ty  - cpm 

DMSO Bard Parker Successive Incubat ion Periods- (hrs )  

24 - 5 - 3 - 1 - 
Uninhibi ted 9 -- -- 284 5 20 6 15 1664 ' I  - S. c e r e v i s i a e  1 5% -- 174 3 10 349 1345 

-- 
5% 

20% 
20% 

2 
0 

0 
3 

1 
0 

0 
5 

- S . ce rev i s  iae -- 10% 0 3 0 0 
5% 10% 0 0 0 0 

I 
I 
1 
1 
I 
8 
I 
8 
I 
1 

- S . c e r e v i s i a e  -" 5% 0 0 0 2 
5% 5% 0 0 0 0 

S . ce rev i s  iae -- 
5% 

- 2.5% 
2.5% 

6 
8 

8 
6 

0 
2 

0 
0 

h i n h t b  i .ted -- -- 1336 3219 5 709 98 
- S . c e r e v i s i a e  - 1 ~ 5% -- 1155 2437 4323 150 

S.  c e r e v i s i a e  -- 
5% 

- 

g. c e r e v i s i a e  -- 
5% 

5% 
5% 

2,5% 
2.5% 

6 
5 

22 
15 

2 
2 

6 
3 

0 
1 

5 
6 

2 
1 

0 
0 

- S. c e r e v i s i a e  1.25% 28 11 0 0 
5% 1.25% 26 17 8 0 

- S .  c e r e v i s i a e  -.. 0.62% 94 31 16 8 
5% 0.62% 62 23 12 4 

- S.  c e r e v i s i a e  -- 0.31% 185 133 108 4 
5% 0.31% 159 10 5 51 11 

14 Wedium - 0.5 m l  Sabourauds Broth containing 2 uc/ml glucose-C 
5 Inoculum - 0.1 m l  5, c e r e v i s i a e  5 x 10 c e l l s / t e s t  

*C 0 c o l l e c t i o n  time - f i n a l  15 minutes of each incubat ion  per iod 14 
2 
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E. TEST ORGANISMS AND RESPONSES 

S o i l s  1. - 
Seven a d d i t i o n a l  s o i l s  from t h e  t e s t  c o l l e c t i o n  have been 

processed. General  information pe r t a in ing  t o  t h e  s i tes  from which the  

s o i l s  were c o l l e c t e d  is g iven  i n  Table 11-14. C e l l  numbers were obta ined ,  

Table 11-15; and r o u t i n e  planchet  determinat ions performed wi th  M9 medium 

conta in ing  formate,  g lucose ,  l a c t a t e ,  and g lyc ine  C s u b s t r a t e s .  A l l  
14 

seven tes t  s o i l s  produced p o s i t i v e  responses ,  Table 11-16. 

This group completes the s o i l  sc reening  phase of t he  program. 

I n  a l l ,  24 new s o i l s  were t e s t ed .  A complete summary w i l l  be  presented  

i n  t h e  forthcoming Annual Report. 

2. S o i l  I s o l a t e s  

The eva lua t ion  of t h e  p o s s i b l i t y  t h a t  gene ra l  s o i l  responses 

are l a r g e l y  a t t r i b u t a b l e  t o  one or several c m o n  spec ie s  continued. 

Determinations were performed on the f i v e  s o i l  i s o l a t e s  descr ibed  i n  

Table 11-17, i n  t h e  fol lowing manner. 

Method ----- Planchet  determinat ion 

Medium ----- 0.5 m l  M8-C 14 plus 100 mg s t e r i l e  s o i l  per  tes t  

14 mM uc / m l  % (w/v) C S u b s t r a t e s  ----- Sp. Act. 
(mc / m i  llimo l e )  

Sodium formate 25 0.26 6.5 0.002 
D-glucose-U .L. 3 0.42 1.3 0.007 
DL sodium lactate-1 5 0.26 1.3  0.002 

Inocula  ----- 0 . 1 m l  s o i l  i s o l a t e  suspension 

(1) 2D Rocky M t . ,  Colorado 

(2) 4c Metuchen, New Je r sey  

(3) 5AA Orange, Vi rg in ia  

( 4 )  533 Orange, Virginia 

(5) 5T Orange, Vi rg in ia  

Success ive Incubat ion  Periods ----- 45, 90, 160 minutes 
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f i n a l  15 minutes of each incubat ion 14 C 0 Co l l ec t ion  Time ----- 
period 7 

Resul ts  ----- Table 11-18. The responses obtained from a l l  f i v e  

i s o l a t e s  w e r e  p o s i t i v e .  

Screening of t he  f i n a l  group of s o i l  i s o l a t e s  i s  now i n  process .  

A f t e r  t h i s  is completed, an ana lys i s  of t h e  d a t a  w i l l  be made. 
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Table 11-14 

NEW TEST SOII,S - SOZL, SITE INFORMATION 

S o i l  S i t e  S o i l  Type Temperature Average 
P r e c i p i t a t i o n  
( inches /year) 

A r  i z  ana , Tus con d e s e r t  -6 to 49 7 

C a l i f o r n i a ,  Sawyers Bar mountain -34 t o  42 10 

Minnesota,  St. Paul  f i e l d  -37 t o  42 25 

Missour i ,  Bol ivar  f i e l d  -6 t o  46 

South Dakota, Rapid Ci ty  f i e l d  4 2  to 44 

Utah, S a l t  Lake Ci ty  f i e l d  -34 t o  42 

Washington , Sequin f i e l d  -6 t o  42 
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Table 11-15 

NQlBERS OF MICROORGANISMS ISOLATED FROM TEST SOILS 

S o i l  - 

Arizona, Tuscon 

C a l i f o r n i a ,  Sawyers Bar 

Minnesota,  S t .  Paul 

Missour i ,  Bol ivar  

South Dakota, Rapid C i t y  

Utah, S a l t  Lake Ci ty  

Washington, Sequin 

AddTtliQMl S o i l  Samples* 

C a l i f o r n i a ,  Needles 

Colorado , D e r b  

Idaho, Boise 

Maine, Orono 

Montana , Bozeman 

Oklahoma, Chandler 

Texas, F e r r i s  

V i r g i n i a ,  Blacksbprg 

Organisms /LOO m g  Soil 

Tryptone-g lucos e Agar Sabouraud Agar 

280,000 500 

170,000 

130,000 

78,000 

57,500 

165,000 

245,000 

150,000 

150,000 

77,000 

140,000 

59,500 

160,000 

34,000 

250 

900 

1750 

1450 

450 

15,000 

9 50 

3 50 

350 

150 

1,900 

2,800 

150 

*So i l  responses  and c h a r a c t e r i s t i c s  repor ted  i n  Quar te r ly  Progress  Report 
No. 14 
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Table 11-16 

RESPONSES FRaM NEW SOILS OF TEST COLLECTION 

Planchet Determination* 

Soil - 

Arizona , Tuscon 

California, Sawyers Bar 

Minnesota, St. Paul 

Missouri, Bolivar 

South Dakota, Rapid City 

Utah, Salt Lake City 

Washington, Sequin 

Net Radioactivity - cpm 
Successive Incubation Periodsw (hrs) 

24 0.75 

2354 359 1 480 7 7949 975 

- 5 - 3 - 1.5 - - 

1130 140 3 1934 5679 966 

2527 4598 5925 7382 1113 

3277 4579 5 186 6174 79 7 

11089 16671 17568 18 119 59 1 

2762 4838 7066 9489 1316 

1659 2034 2708 6510 10 15 

14 *lo0 mg soil /0.5 ml medium M9 (formate, glucose, lactate, glycine)-C 

*C O2 collection time - final 15 minutes of each incubation period 14 
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Table 11-17 

GENERAL CHARACTERISTICS OF TESTED SOIL ISOLATE3 

S o i l  Source S o i l  I s o l a t e  Code C e l l  Cha rac t e r i s  t i c s  Colony Descr ipt ion* 

Colorado, Rocky M t .  2D Gram-variable Round, i r r e g u l a r  edges,  
rod yellow-white,  f l a t ,  

rough, d r y ,  opaque, 
1/4-3/8 inch  diameter  

New Je r sey  , Metuchen 4c 

V i r g i n i a ,  Orange , ,  5AA 

V i r g i n i a ,  Orange 5B 

Gram-positive White, f e a t h e r y ,  ou t -  
rod growths , spreading , 

wooly subsur face  growth 

Gram-negative Round, yel low,  shiny , 
rod r a i s e d ,  1/4 inch  d i a -  

meter 

Gram-positive Streptomycete , round, 
f i l ament  white ,  d u l l ,  r a i s e d ,  

s p o r u l a t i n g ,  1/8 inch 
diameter 

V i r g i n i a ,  Orange 5T Gram-negative Round, white  , t r a n s  - 
rod parent  , yel low-raised 

opaque c e n t e r ,  118 
inch diameter 

*Grown on t ryptone-glucose agar  
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Table 11-18 

RESPONSES OF SOIL ISOLATES I N  M8-CI4  MEDIUM 

Planchet  Determinatiorfk 

S o i l  Source S o i l  I s o l a t e  N e t  Radioac t iv i ty  - cpm Cel Is / tes t 

Successive Incubat ion Periods% 

45 min 90 min 180 min 

6 

6 

6 

6 

114,234 547 x 10 6 

Colorado , Rocky M t .  2D 16,236 22,367 42,295 3 x 10 

4c  28,164 31,268 28,308 2 x 10 New J e r s e y ,  MeCvchen 

Vi rg in i a ,  Orange 5AA 36,815 47,885 58,901 123 x 10 

Vi rg in i a  , Orange 5B 7,775 8,479 9,987 4. x 10 

Vi rg in i a ,  Orange 5T 72,533 91,636 

medium - 0.5 ml M8 conta in ing  (formate,  g lucose ,  l a ~ t a t e ) - C ' ~ ;  100 mg s te r i le  s o i l  

Inoculum - 0.1 ml soil i s o l a t e  suspension 

14 
02 c o l l e c t i o n  time - f i n a l  15 minutes of each incubat ion per iod 
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F. S TERIOISOMERS 

Experimentation has continued i n  determining the  e f f e c t s  of 

L-glucose on tes t  organisms. Previous s t u d i e s  (Quarter ly  Progress 

Report No. 14) i nd ica t ed  t h a t  L-glucose, when incorporated i n  concen- 

t r a t i o n s  up t o  56% of t h e  t o t a l  glucose i n  l abe led  M9 medium, d i d  not  

i n h i b i t  t h e  growth of S e r r a t i a  marcescens o r  microorganisms p resen t  i n  

four  t es t  soils. The responses of Escher ich ia  c o l i ,  however, were 

doubt fu l  as s t a t e d  i n  t h e  aforementioned r e p o r t .  

As a r e s u l t ,  f u r t h e r  study wi th  E. c o l i  was undertaken. An 

inorganic  s a l t s  medium was  prepared (Table 11-19),  permi t t ing  glucose 

t o  be  t h e  s o l e  carbon source.  

The experiment w a s  performed as fo l lows:  

Method ----- Planchet determinat ion 

Medium ----- 0.5 m l ,  C I 4  l abe led  inorganic  s a l t s  medium 

Glucose Concentrat ions 

D-glucose L-glucose Tota l  14 D-glucose-C 
mM % mM % mM % Glucose 

mM 

Medium (A) 0.36 100% - - -  0.36 

Medium (B) 0.36 50% 0.36 50% 0.72 

Medium (C) 0.36 50% --- 0.36 50% 0.72 

6 Inoculum ----- 0.1 m l  E. coli 6.4 x 10 ce l l s / tes t  

Successive Incubat ion  Periods ----- 1, 3 ,  5 ,  24 hours 

f i n a l  15 minutes of each incubat ion  per iod C 0 Co l l ec t ion  T i m e  ----- 
Resu l t s  ----- Table 11-19. The fol lowing observa t ions  were made from 

14 - 2 

t h e  responses  obtained:  

14 (1) Medium A containing 0.36 mM of D-glucose-C produced 

g r e a t e r  responses from the  E. coli during t h e  t h r e e  and f i v e  hour 
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i ncuba t ion -co l l ec t ion  per iods  than medium B conta in ing  0.72 mM 

D-glucose of which 0.36 mM (50%) was labe led .  This i nd ica t ed  t h a t  

i n  t h e  range of g lucose  concentrat ion used,  increased  concent ra t ion  

d i d  no t  r e s u l t  i n  increased  C 0 metabolism b u t  showed merely t h e  2 

r e l a t i o n  t o  concent ra t ion  of t he  labeled component. 

14 

14 
(2)  The inocula ted  medium (C) wi th  50% ( 0 . 3 6  mM) of D-glucose-C 

and 50% ( 0 . 3 6  mM) of L-glucose produced g r e a t e r  responses dur ing  t h e  

t h r e e  t o  f i v e  hour per iod  than the  inocula ted  medium (B) conta in ing  t h e  

same amount of labe led  glucose but  w i th  50% (0 .36  niM) of unlabeled D-glucose. 

This would i n d i c a t e  t h a t  the L-glucose w a s  no t  i n t e r f e r i n g  i n  t h e  metabolism 

of E.  - -  c o l i  and a l s o  t h a t  t he  labe l -concent ra t ion  e f f e c t  w a s  p resent .  

( 3 )  Responses from t h e  inocula ted  medium (C) conta in ing  t h e  

14 50% (0.36 mM) L-glucose and 50% (0.36 mM) D-glucose-C 

g r e a t e r  than those  from the  inoculated medium (A) conta in ing  100% (0 .36  mM) 

D-glucose-C i n d i c a t i n g  t h a t  L-glucose d i d  n o t  i n t e r f e r e  i n  t h e  metabolism 

and a l s o  t h a t  it might have, i n  some unknown manner, promoted t h e  u t i l i -  

z a t i o n  of t h e  D form. 

organisms which could poss ib ly  convert  t h e  L form of glucose i n t o  t h e  

D form, b u t  t h i s  would have r e su l t ed  i n  an  inc rease  of unlabeled D ,  

thus  y i e l d i n g ,  a t  t h e  most,  an equal response and not  one which i s  g r e a t e r .  

were s u r p r i s i n g l y  

14 

Racemases may a l s o  be present  i n  t h e  E. c o l i  

In  summation, t he  presence of 50% L-glucose i n  the  labe led  

inorganic  sal ts  medium d i d  not  i n h i b i t  t he  growth of E. - -  c o l i .  Turb id i -  

metric s t u d i e s  are i n  process  with t h e  medium conta in ing  glucose i n  the 

L form only. This i s  encouraging i n  i t s  i n d i c a t i o n  t h a t  t h e  inco rpora t ion  

of racemic mixtures  of carbohydrates and, perhaps,  o ther  organic  sub- 

strates i n t o  t h e  medium may not  be i n h i b i t o r y .  
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Table 11-19 

RESPONSES FRaM E. COLI I N  C14 MEDIA* CONTAINING D-GLUCOSE , L-GLUCOSE 

Planchet Determination 

Inoculum Successive 
Lncubation 

Periods 
(Hours )* 

E. c o l i  

5 6 x 10 c e l l s / t e s t  

(0.1 ml) 

- -  1 

3 

5 

24 

A 

D-glucose-C 14 
0.36 mM 100% 

Total mM 0.36 

*Inorganic Sa l t s  Medium 

NH4c1 

4 Na2HP0 

"2"4 

N a C  1 

23 

14 7 

484 

65 

N e t  Rad i0ac t iv i . e  - cpm 

C Media - Glucose Content 14 

B C 

14 D-glucose-C 14 D-glucos e -C 

D-glucose L-glucose 
0.36 mM 50% 0.36 mM 50% 

0.36 mM 50% 0.36 rnM 50% 
Total  mM 0.72 Tota l  mM 0.72 

15 37 

63 228 

211 640 

111 95 

14 
0.5 m l / t e s t  D-glucose-U.L.4 ' 2. &/ml 

1.0 g 

6.0 

3.0 

5 .O 

0.1 

per l i t e r  

14 *C 0 c o l l e c t i o n  - f i n a l  15 minutes of each incubat ion period 2 
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G. MEETINGS , PERSONNEL 

Meetings 

The F i f t e e n t h  Annual AIBS Meetings of t h e  Bio logica l  Sc iences ,  

i n  Boulder,  Colorado, August 23-28, 1964, were a t tended  by Drs. G i l b e r t  V. 

Levin and Al len  H. H e i m .  

EFobiolopy" was g iven  by D r .  Levin. 

S t a f f  members were i n  a t tendance a t  a symposium on Recent 

A paper e n t i t l e d  "Signi f icance  and S t a t u s  of 

Developments i n  Research Methods and Ins t rumenta t ion  he ld  a t  t h e  Nat ional  

I n s t i t u t e s  of Heal th ,  Bethesda, Maryland, on October 5-8, 1964. D r .  Levin 

p a r t i c i p a t e d  i n  t h e  Exobiology Session,  p re sen t ing  "Gull iver  - An I n s t r u -  

mented Radio iso topic  Experiment t o  Detect L i f e  on Mars." 

Personnel 

Paul E. Wilkins ,  Engineering P h y s i c i s t ,  has become a s s o c i a t e d  

wi th  t h e  Radio iso topic  Biochemical Probe f o r  Extraterrestr ia l  Li fe .  
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